setting, fear can be induced using an aversive shock (the ''Thing''), presented in conjunction with a tone cue (the ''bump'') and/or an environmental context (the ''night'') (LeDoux, 2000) . This approach causes the tone cue and/or environmental context to be associated with the aversive shock. Later, re-exposure to these associated stimuli alone can be sufficient to cause the animal to cease movement (''freeze''), an innate fear behavior that indicates a fear memory has been formed. Fear memory can then be studied by measuring this freezing in response to combinations of fear-associated stimuli.
Using variants of this general approach, Xu et al. (2016) subjected mice to two canonical fear conditioning paradigms. First, the authors studied contextual fear conditioning. Here, animals received foot shocks in a given context, resulting in freezing upon reintroduction to the associated context the following day (an experimental analog of the ''silent ghoul'' memory). Second, the authors examined context-dependent retrieval of cued fear memory (akin to the nighttime gating of the ''bumpy ghost'' memory). Using optogenetics to selectively silence individual pathways during fear memory retrieval, dissociable context-dependent roles for the two vHC / amygdala circuits were identified. Specifically, the vHC / BA pathway was selectively necessary for fear responses driven by conditioned context, whereas the context-dependent retrieval of the cued fear memory selectively required the vHC / CEA projection. Taking these two experiments together, Xu et al. (2016) demonstrated the remarkable finding that the brain uses structurally and functionally segregated parallel circuits to relay contextual information during fear memory.
Context plays a critical role in fear memory, but it also shapes our interpretation of the world in many other ways (Urcelay and Miller, 2014) . Recent work has shown that vHC projection neurons are involved in many complex behaviors (e.g., social memory) that could be shaped by context (Ciocchi et al., 2015; Okuyama et al., 2016) . As the vHC/ BA pathway examined here exhibits a reciprocal projection back to the vHC (Pitkä nen et al., 2000; Xu et al., 2016) , this work suggests an anatomical substrate that could project contextual elements of fear back onto other vHC-dependent behaviors. Identifying whether this pathway generally shapes vHC processing will be central for building a unified framework of the neural architecture of context. The work of Xu et al. (2016) , shedding light on the darkness associated with fearful Things, contributes a key element to this framework.
Kinetochores are complex multiprotein machines that link chromosomes to dynamic microtubules for chromosome segregation. Two studies in Cell reveal the structure of the human MIS12 and budding yeast MIND kinetochore complexes and the regulatory mechanisms that enable them to link chromosomes to microtubules during mitosis.
The equal segregation of chromosomes during cell division in eukaryotes is controlled by the kinetochore, a multiprotein complex that links chromosomes to the microtubules of the mitotic spindle.
The formation of the kinetochore is a multistep process in which the site of kinetochore formation is first determined by a specialized chromatin domain at the chromosomal centromere. This chromatin promotes the assembly of a set of centromere-specific proteins (CENPs) that bind centromeres throughout the cell cycle and serve as the platform on which complex kinetochores are built.
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As cells enter mitosis, proteins that give rise to essential activities of the kinetochore are recruited to the centromere. Two key microtubule binding activities at kinetochores are provided by the Knl1 protein, which recruits spindle checkpoint signaling proteins (London and Biggins, 2014) , and the Ndc80 complex that generates load bearing attachments to microtubules (Foley and Kapoor, 2013) . The ability of kinetochores to bring these microtubule binding activities together at the right time and place is governed by a tetrameric protein complex called the MIS12 complex in humans or the MIND complex in budding yeast. In this issue of Cell, two reports describe both the structural organization of the MIS12 and MIND complexes and how the Aurora B kinase promotes microtubule connectivity through its actions on these proteins. These two reports provide novel insight into how the MIS12/ MIND complex coordinates the assembly of the kinetochore in mitosis (Figure 1 ).
How do cells convert the centromere into a microtubule binding kinetochore? Previous studies had identified the inner centromere protein CENP-C in humans or Mif2 in yeast as a receptor for the binding of the MIS12/MIND complex to centromeres (Westermann et al., 2003) . MIS12 complex proteins reside in the nucleus during interphase, but do not bind to CENP-C at centromeres until cells begin to enter mitosis (Kim and Yu, 2015; Rago et al., 2015) . In mitosis, the mitotic kinase Aurora B phosphorylates the MIS12 subunit Dsn1, causing the MIS12/MIND complex to bind CENP-C at centromeres. Disrupting this phosphoregulatory switch with either phosphomimetic mutations or removal of the phosphorylated sequence causes the MIS12 complex to prematurely bind centromeres, consistent with a model in which Dsn1 normally acts as an autoinhibitor of MIS12 centromere binding and in which Aurora B phosphorylation relieves the inhibition (Kim and Yu, 2015) . Elegant structural characterization and mutational studies performed by Petrovic et al. and Dimitrova et al. now reveal the interactions between MIS12/MIND and CENP-C/Mif2, providing a molecular explanation for the Dsn1 dependent auto-inhibition and its relief by phosphorylation. The MIS12 complex assembly is 20 nm in length and consists of three separate domains, two globular head domains that converge into a stalk domain. The stalk is formed by a-helical interactions of all four MIS12 complex subunits, and the heads by heterodimers of Dsn1 and Nsl1 and Mis12/Mtw1 and Pmf1/Nnf1, respectively. Both studies demonstrated that the Mis12/Mtw1 containing head of the complex bound directly to a peptide from the N terminus of CENP-C. Residues engaged in this interaction are well conserved within CENP-C/Mif2, while MIS12 and MIND surface residues are more divergent . Dimitrova et al. describe an additional interaction between MIND and the protein Ame1, an A) Prior to the entry into mitosis, CENP-C binds to the CENP-A nucleosome at the centromere. The MIS12/MIND complex is blocked from recruitment to kinetochores due to the inhibitory interaction between its two head domains that prevents its binding to CENP-C. (B) Aurora B kinase activity promotes kinetochore assembly at the centromere by phosphorylating MIS12/MIND to disrupt the interaction between its two head domains and relieve the autoinhibition. Once MIS12/MIND is bound to CENP-C, MIS12/MIND recruits microtubule binding complexes to kinetochores. (C) As cells exit mitosis, phosphorylation of MIS12/MIND disrupts its interaction with microtubule binding factors, and dephosphorylation of the centromereproximal head reinstates the MIS12/MIND autoinhibition, leading to disassembly of kinetochores.
essential inner kinetochore component in yeast .
The structures solved by these two groups also shed new light on the phosphoregulatory mechanisms that control MIS12/MIND assembly at kinetochores. Both studies show that interactions between the two heads of the MIS12/MIND complex are responsible for the autoinhibition that prevents kinetochore localization. Specifically, the Mis12/Mtw1 containing head of MIS12/MIND is bound by a protrusion from the Dsn1 subunit of the second head that blocks the CENP-C binding site ( Figure 1A ). The Dsn1 segment that interferes with CENP-C binding contains two phosphorylation sites for Aurora B, and mimicking these phosphorylations relieves this inhibitory interaction and increases the affinity between MIS12/MIND and CENP-C/Mif2. Thus, the activity of Aurora B directly stimulates the binding of MIS12/MIND to centromeres in order to promote kinetochore assembly ( Figure 1B) .
How does MIS12/MIND bring together the microtubule binding activities that are essential for kinetochore function? While the two head domains of the MIS12/MIND complex link the complex to the centromere, the other end of the extended 4-helix bundle formed by the subunits of the complex acts as a receptor for the two critical microtubule binding activities of the Ndc80 and Knl1 complexes. Previous work had shown that the Ndc80 complex bound to another component of the centromere, Cnn1 in yeast and CENP-T in humans, via a conserved cleft formed by the Spc24/25 subunits of Ndc80 (Malvezzi et al., 2013; Nishino et al., 2013) . Dimitrova et al. crystallized a subcomplex of Spc24/25 and a short peptide from Dsn1, demonstrating that the MIND complex uses the same interface to interact with the Ndc80 complex as does Cnn1. Petrovic et al. inferred binding sites between Ndc80 and the MIS12 complex based on sequence similarity between CENP-T and Dsn1 and could model the interaction using the CENP-T/Spc24/Spc25 complex. This structural insight leads to a model proposed by Dimitrova et al. in which phosphorylation of both Dsn1 and Cnn1 would inhibit the interaction of these proteins with the Ndc80 complex and may be used to disassemble kinetochores as cells exit mitosis ( Figure 1C ). Testing this model directly may now be possible since a minimal kinetochore has recently been reconstituted that is proficient in connecting the centromeric nucleosome to microtubules in vitro (Weir et al., 2016) .
The findings by Dimitrova et al. and Petrovic et al. provide a clear picture of how inner and outer kinetochore components interact to assemble kinetochores. It will be exciting to use the foundation provided by this structural work to test the functions and regulations of these interactions in kinetochore assembly and disassembly. We anticipate that studying how these structures rearrange and respond to dynamic microtubule forces will shed light on the molecular scale processes that give rise to long range chromosome movement.
